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NATIONAL SEED STORAGE LABORATORY--RESULTS
L. N. Bass

l/

Since early colonial times, plant introductions have contributed
materially to the progress of agriculture in the United States. Until
1889, however, this activity was poorly organized and rarely, if at all,
funded. Beginning in 1889 an inventory of plant introductions was begun, wherein each introduction received a number. Over 380,000 introductions had been numbered by 1974.
Unfortunately, there was no effective organization established for
the preservation of various collections. The seeds were sent either to
specialists in the Bureau of Plant Industry, to research workers in
state experiment stations or other plant breeders, none of which had
adequate storage facilities. If the plant introduction exhibited no outstanding attributes, the remnants of seeds were either discarded or
tossed in a drawer or box and left there until all viability was lost.
It has been estimated that before the late 1940's, as high as 98 percent
of some plant introductions were lost. Such losses led to repeated requests for the introduction of the same material. In many cases it
has been impossible to enter fruitful areas to reintroduce germplasm
that would possibly contribute to our plant breeding activity. Scientists finally awakened to the fact that the preservation of germplasm
was sadly neglected. In 1944, the National Research Council recommended that the United States Department of Agriculture establish a
facility for the preservation of valuable germplasm. There is no information available on what was done between 1944 and 1949. In 1949,
the chairman of the National Coordinating Committee for new crops appointed a special subcommittee on the National Seed Storage Facility.
That subcommittee worked very hard to develop support and plans for the
Laboratory. Their untiring efforts finally paid off, and in 1956 Congress appropriated $450,000 for construction of the National Seed Storage Laboratory, plus $100,000 per year to operate it.
The National Seed Storage Laboratory, located in Fort Collins,
Colorado, is a three-level building. All refrigeration and air conditioning equipment is on the ground floor, administative offices on the
second, seed storage rooms and the germination laboratory on the third
floor. The equipment and seed storage rooms are constructed with heavily reinforced concrete. The only windows in the buildings are in the
ground floor room across the corridor from the garage, the entire front
of the office area, and at the ends of the germination laboratory.
The 10 storage rooms are accessible from a common corridor and have
a capacity of 180,000 pint cans. If it ever becomes necessary, the
storage capacity could be expanded to many times the 180,000 by placing
small seeds in foil envelopes. For example, 4 to 5 grams of tobacco
1/Plant Physiologist, National Seed Storage Laboratory, USDA/ARS,
Fort Collins Colorado .
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seed now take as much storage space as 500 grams of wheat seed. By
placing tobacco seed in smal l foil envelopes, 20 accessions would require no more space than one tin can .
The accessions are arranged in numbered steel trays, and the trays
are placed in numbered steel racks. Any risk from fire is practically
eliminated except for the 4 inches of cork insulation on the periphery
of the rooms. The cork, however, is protected by a half-inch of plaster .
Storage conditi ons are maintained at about 5C and 35 percent relative humidity . The humidity is maintained at this level by the reheat method, in which the air i s delivered from the evaporator at a
temperature at least 12 to 15C lower than 5C and reheated to the specified 5C. The 5C temperature was sel ected as being suitabl e for most
seeds for at l east 10 to 15 years' storage . Three rooms, however, are
equipped so that a temperature of -12C can be maintained.
For research purposes , three small chambers have been installed on
the ground floor where different climatic conditions can be simulated.
These have temperatures of 10, 21 and 32C, and the cabinets inside the
chambers have relative humidities of 50, 70, and 90 percent, respectively, thus providing nine climatic anal ogs ranging from the prevail ing conditions in the northern states to those found in the deep south.
Seeds are accepted from all public agencies, commercial seed firms,
and individuals involv~d in plant breeding or seed research. When received, each sample is given a serial number and a genus and species
number, and is then tested for viability. If the germination is sati sfactory, the seeds are placed in tin cans and transferred to the storage
rooms. The cans are not hermetically sealed because of the necess ity
of frequent sampling. The seeds soon equilibrate with the low relative humidity which, along with the 5C temperature, el i minates insect
infestation.
The germination laboratory is equipped with two walk-in watercurtain germinators which are el ectronically controlled to provide
ei ther constant or alternating temperatures between 15 and 35C. Six
additional small water-curtain germinators with the same temperature
range provide a wide variety of conditions for research purposes.
When seeds are accepted for storage, the Laboratory has the responsibi lity of future maintenance. A 5-year retest program is fol lowed.
When seed vi abi lity drops to an unsafe l evel , the laboratory is authorized, through contracts , to produce a new generation with the same
genetic composition as the original accession. Seeds with relatively
low viabilities are tested every 2 years .
Any seeds of present or potential value are accepted for storage,
but adequate documentati on i s required. Documentation consists of descriptions of the varieties or breeding lines, or references to publications in which descriptions can be found . All documentation is being
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converted to an automatic data retrieval system.
The specified quantities of seeds for storage are dependent on the
kind and the difficulty of production. For most kinds, such as named
varieties, we prefer to store between 10,000 and 20,000 seeds. This
amount provides for many retests, seed requests, and regrowing. In the
case of genetic materials, with which it is often difficult to obtain
large amounts of seeds, 500 seeds are acceptable and the donor then
assumes the responsibility of future increases. The number of seeds
used for germination tests of such genetic stocks is scaled down to
give us only a rough estimate of viabilities.
When seeds are accepted for storage, they become public property
and are subject to disbursement. The only exception to this rule is a
provision that the donor can request a 5-year moratorium on distribution.
Only seeds are stored and they are expected to be clean and have
high viability. When seeds of low viability are received, they are
stored on a temporary basis until seeds of higher viability are received as a replacement. When large collections are received, the donor
is provided with a report on the germination of the entire collection.
With such a report, the donor can plan for seed replacements for low
germinating accessions according to increase of breeding programs.
Although the Laboratory was not intended to be a distributing
agency, any bona fide research worker in the United States or its possessions can obtain nominal amounts of seeds without charge, provided
supplies are unobtainable elsewhere. The Laboratory is not a procurement agency for research workers but does cooperate by advising individuals as to sources of seeds stored in the Laboratory.
The Laboratory has no responsibility in relation to committments
with foreign countries. All deposits and requests for seeds from
foreign countries are channeled through the Principal Plant Introduction Officer, Germplasm Resources Laboratory, Agricultural Research
Service, U.S. Department of Agriculture, Beltsville, Maryland. This
policy does not imply that foreign countries cannot avail themselves
of the services of the Laboratory. The Laboratory does accept seed
from and disburse seed to foreign scientists, but only with the approval of the Principal Plant Introduction Officer.
The Laboratory is charged with the publishing of inventories of
seed stocks in storage. The inventories, broken down into various crop
groups and containing only listings of seed stocks and donors, are distributed throughout the United States to research scientists. Future
inventories will be developed from computer printouts. At present,
more than 91,400 accessions are in storage.
The present value of seed storages may not be immediately apparent, but as time goes on, they will become increasingly important.
Modern improved varieties are gradually encroaching on centers of crop
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or1g1ns so that pockets where disease resistances are found are becoming
increasingly confined. If materials from these pockets are not col lected and preserved, they will be lost forever to plant breeders . By
placing all plant introductions in appropriate storages, they will be
available to plant breeders indefinitely . Furthermore, some areas for
fruitful exploration are no longer accessible to plant expl orers. Consequently, i t is important that plant materials from those areas be preserved. One valuable plant introduction may save an agricultural industry , and the benefits realized from one introduction would conceivably
pay for the construction of a storage and the cost of maintaini ng one
for many years.
The average percentage viabi li ty decline, range of viabi l ity decline , the percentage of samples showing a decline after 10 years of
storage, and the estimated storage life of several kinds of agricultural
and vegetable seeds are given in Tabl e 1.
In addition to the routine storage of germplasm, the staff of the
National Seed Storage Laboratory al so conducts research on seed storage
and related germination problems.
Many factors are involved in the safe storage of seeds . The most
critical factor i s seed moisture content, especially for sealed storage.
Results of a study in which crimson cl over (Trifolium incarnatum
L.), safflower (Carthamus tinctorius L.), sesame (Sesamum indicum L.),
sorghum (Sorghum b1color (L.) Moench), and lettuce (Lactuca sativa L.)
seeds were adjusted to 4, 7, and 10 percent moisture content and sealed
in metal cans in air, a partial vacuum , carbon dioxide, nitrogen, helium, or argon, and then stored for periods up to 8 years at -12, - 1,
10, 21 , and 32C show that:
Crimson cl over seeds with 4 and 7 percent moisture kept well at
all temperatures under all atmospheres. Seeds containing 10 percent
moisture lost viability rapidly at 32C but kept well for about 4 years
at 21C . Seeds at lower temperatures kept well for 8 years.
Safflower seed with 4 percent moisture stored well under all temperature and relative humidity combinations, while 7 percent moisture
seeds kept wel l at -12 and -1, but showed some decline at 10C in 8
years. At 21C, viability declined rapidly after 2 years and at 32C ,
the seeds were all dead in less than 1 year . Ten percent moisture
seeds showed some decline in viabi li ty after 5 years at -12 and -1C.
At higher temperatures, viability declined very rapidly, and at 21 and
32C the seeds were all dead in less than 1 year.
Sesame. Four percent moisture sesame seeds stored well at all
temperatures under al l atmospheres. Seeds with 10 percent moisture
lost three-fourths of their initial viability in 1 year under al l atmospheres and nearly all were dead i n 2 years.
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Table 1. Average percentage viability decl ine, range of viability
decline, and percentage of samples showing a decline after 10 years of
storage in the National Seed Storage Laboratory, and estimated storage
l ife by kinds of seeds.

Kind of Seed

Avg.
Range of
Decline (%) Decline (%)

Samples
Showing
Decline (%)

Estimated
St orage Life
{Years)

AGRICULTURAL CROPS
Alfalfa
Barley
Corn
Cotton
Flax
Oats
Peanut
Red Clover
Rice
Rye
Safflower
Soybean
Tobacco
Wheatgrasses

6
8
10
24
8
16
10
9

18
28
15
9

16

2- 14
2-23
No decline
2-40
3-55
2-21
3-46
2-26
2- 20
3-47
4- 52
2-36
2020
4-43

67.0
67.0
50.0
50.0
88.0
67.0
50.0
50.0
75.0
42.0
50.0

40
40
50+
30
15
40
20
30
30
20
15
20
30
20

25.0
50 .0
75.0
33.0
33 .0
33.0
60.0
80.0
33.0
50.0
50 .0
50 .0

40
30
30
40
30
40+
15+
15+
40+
40+
40+
30

50 .0
50.0

VEGETABLE CROPS
Bean
Beet
Cantaloupe
Carrot
Cucumber
Eggplant
Lettuce
Oni on
Peas
Pepper
Tomato
Watermelon

7
11

10
8
9

6
18
21
4
6
5
11

3- 27
4- 22
3-47
4-26
3- 26
4-10
6-56
3-46
2-07
2-12
2-10
2-22
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Sorghum seeds at 4 percent moisture content kept well at all temperatures in all atmospheres, except that a marked decline in viabi lity
occurred after 8 years' storage at 32C under air and nitrogen. Seeds
containing 7 percent moisture stored well for 8 years under all atmospheres at all temperatures except 32C, at which a decline occurred between the 5- and 8-year tests. Seeds with 10 percent moisture content
kept well at -12, -1, and 10C, showed some decline at 31C and were dead
after 8 years at 32C.
Lettuce. During 8 years of storage, 4 percent moi sture content lettuce seeds retained their viability about equally wel l at all temperatues in all atmospheres . Seeds with 7 percent moisture content retained
their viabi lity well for 8 years at -12, -1, and 10C under all atmopheres tested , and 10-percent moisture content seeds did not keep well
at temperatures above -1C. In general , the atmosphere in the can had
little effect on seed l ongevi ty.
Results of studies using flex i ble packaging materials show that
only materials containing fo il provide sufficient mo i sture protection
for safe storage of adequately dried seeds . For sealed storage, seed
moisture content must be low enough to be safe at the highest temperature to which the seeds might be exposed.
Crimson clover seeds with 3.3 percent moisture content were sealed
in packages made of various foi l-containing laminates and stored in a
walk-in water- curtain germinator held at 20C for 15 hours (ni ght) and
30C for 9 hours (day) per day with the relative humi dity continuously
at 95 to 100 percent. Germination of the seed was 74 percent when
packaged and stored. After 8 years in the walk-in germinator, the
seeds in the best foil-laminated material had a moisture content of
3.8 percent and germinated 80 percent . Similar results were obtained
with the foil-contai ning material s under all storage conditions tested.
In a study on the effects of storage conditions on longevity of
tomato (L,co ersicon esculentum Mill.), bean (Phaseolus vul aris L. ),
pea (Pisum sativum L. , watermelon (Citrullus l anatus (Thumb. Matsum
& Nakai), cucumber (Cucumis sativus L.), and sweet corn (Zea mays L.)
seeds, we found that year of production, probably through growing and
harvesting conditions, has a defini te but variable effect on seed starability, especially under unfavorable conditions.
Because varietal differences in storability exist, one storage
condition may not be best for all va ri eties of any given kind of seed.
The kinds of vegetable seeds studied can be stored sati sfactori ly at
21C/50 percent rel ative humi dity for 4 years and at 10C/50 percent
relative humidity for 5 years or more (13).
Hemp (Cannabis sativa L.) seeds with 5.7 and 8.3 percent moisture
retained essentially their original viability for 15 years at -10 and
10C in sealed containers and cloth bags (8.3 percent seed only.) Hemp
seeds with 5.7 percent moisture declined 12 and 11 percent in viability
after 15 years at 10C and 50 percent relative humidity and -10C and
uncontrol l ed rel ative humidity, respectively, in cloth bags (8).
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Seeds of one lot of kenaf (Hibiscus cannabinus L.) with 8 percent
mosture retained their original viabiity for 12 years in sealed containers at -10, 0, and 10C, but seeds of a second lot with t he same
moisture content showed a marked reduction in viability at each temperature tested. Kenaf seeds with 9.2 percent moisture were stored 10
years in sealed containers at - 10, 0, and 10C with only minor losses in
viability . Seeds with 10.4 percent moisture lost from 0 percent (-18C)
to 15 percent (10C) viability in 10 years (8) .
The staff at the USDA Horti cultural Field Station, Cheyenne, Wyoming, was active in testing numerous vegetable varieties for adaptation to Wyoming during the period 1930 to 1950. Worldwide collections
of varieties of vegetable seed were made and subsequently were increased
at Cheyenne. As the seeds were received or increased, the packages were
dated. Tests were made on almost 2,000 lots of vegetable seed stored
in paper containers in a l aboratory at Cheyenne, Wyoming, for 15 to 30
years (10). Kinds of seeds with average germinati on of 40 percent and
above include tomato, beet (Beta vul aris L.), muskmelon (Cucumis melo
L.), sweet corn, watermel on, squash Cucurbita spp . ), and pumpkin----(Cucurbita spp.). Carrot (Daucus carota L.), pea, and oni on (Alli um
~ L. ) seeds fal l in a 30 percent viability class. Those with average
v1aoiliti es of approximately 20 percent are pepper (Capsicum spp . ), cucumber, and bean. Almost complete loss of viability was found in parsnip (Pastinaca sativa L.), cabbage (Brass i ca oleracea var. capitata L.),
turni p (Brassica rapa L.), and lettuce seed . Wide d1vergencies in viabi li ty were found in seeds of the same age within the same species.
This divergence suggests that factors, other than storage conditions
which might influence longevity, need investigation.
In a study utilizing Kentucky bluegrass (Poa pratensis L.) seed,
rate of drying had little effect on the longev1ty of immature seeds.
Mature seeds remained viable longer than immature seeds when both were
stored under the same conditions. Relative humidity had a greater effect on seed longevity that did storage temperature (1).
Germinations of seeds of wheat (Triticum spp.), rye (Secale cereale
L.), soybeans (Glycine max L. Merr.), and safflower with approximate
moisture contents of 4, 8, and 12 percent, stored at constant -12, -1,
10, 21, and 32C were compared with seeds from the same lots stored at
-12C for 2 weeks and transferred, at biweekly intervals, progressively
to the next highest temperature used in the constant series until 32C
was reached. The sequence of transfer was then reversed from the highest to the lowest storage temperature through two complete sequences.
Germination tests were made at the end of the constant and variable
storages, and again following 3-month storage under room conditions
(21C and 30 percent relative humidity). Wheat seeds were not affected
by any of the storage conditions, whereas incipient damage in rye seeds
stored at 10 and 32C became evident during 3 months ' room storage. Soybean seeds with 11.4 percent moisture were dead at 34 weeks when stored
at 32C, and some damage was evident in seeds with 7.9 percent moisture
under 32C storage. Moisture content of 12.2 percent in safflower seeds
was too high for storage at 21 and 32C and deterioration initiated at
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21C continued under room conditions. No adverse effects of room storage
were evident following storage of seeds at -12, 10, or 21C (12).
Green (high vigor) and bleached (low vigor) lima beans (Phaseolus
lunatus L.) were stored at 21C and 50, 70, and 90 percent relative humidity. At the end of 36 months no signifi cant loss of viability oc- .
curred in either lot at 50 percent relative humidity. No significant
loss of vi abi l ity was found i n the high vigor lot stored at 70 percent
relative humidity, but the low vigor lot lost all viabi l ity. Both lots
were worthless for pl anting purposes when stored at 90 percent relative
humidity for 3 months (6).
Osteospermum ecklonis (DC.) Norl. and winged and unwinged Dimorphotheca sinuata, DC. seeds were storedat nine temperature/relative humidity conditions. Seeds held at 32/90 and 21/90 died within 3 months .
and those at 10/90, within 12 months. Seeds stored at 32/70 died within
6 months, and those at 21/70 within 24 monnths, but seeds at 10/70 retained one-half to three-fourths their original viability after 24
months. Seeds stored at 32/50 were worthless after 18 months, while
seeds at 21/50 sti ll retained essentially their original viabi lity.
Seeds stored at 10/50 l ost very l ittle germination during 42 months of
storage {7).
Hand-shelled 'Spanette' peanut (Arachi s hypogea L.) seeds can be
stored for 5 years or longer without loss of viability when held at 10C
and 50 percent relative humidity.
Seeds adequately predried can be stored safely in packages of good
moi sture barrier materials for 3 or more years, even under the adverse
temperature and relative humidity condi t i ons inside a 20- 30C watercurtain, walk-in, room-type germinator (3).
Year of production had no consistent effect on retenti on of viability of reed canarygrass (Phalaris arundinacea L.) seed stored under
various conditi ons.
According to Harrington's rule of thumb for safe storage of seed,
the temperature in F + % relative humidity should hot exceed 100
(10). Temperature F/percent relative humidity combinations which total
more than 100 are not satisfactory for safe, long- term storage of reed
canarygrass seeds in open or porous containers. Temperature F/percent
relative humidity combinations totaling 120 may provide satisfactory
storage of initially high germinating seed for 1, 2, or possibly 3 years,
provided temperature contributes less than one-half the total. Temperature F/percent relative humidity combinations totaling 140 or mqre
should be avoided. Temperature should always be the smaller number for
any temperature F/percent relative humidity combination greater than
100. The results of this study suggest that the viability losses observed for reed canarygrass seed between recei pt in the warehouse and
final processing may be largely overcome by controll ing the temperature
and relative humidity of storage areas (2).
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Lettuce seed, cvs. Imperial 847, Imperial 456, Imperial 44, Fulton,
and Oswego were stored at a wide range of temperature and relative humidity conditions to determine thei r effect upon devel opment of red
cotyledons (physi ological necrosis}.
Red cotyledons did not develop equally (rate or amount} in seeds
of all cultivars at any gi ven storage condi t i on. More red cotyl edons
developed at a low than at a high rel ati ve humidity at the same temperature. However , longer storage at the low rel ative humidity was required before red cotyl edons developed.
Storage at - 12C/70 percent rel at ive humidity prevented red cotyl edon development in all cultivars tested 210 weeks. Storage at 10/90,
10/70 , 4/35 and -1/40 prevented red cotyledon devel opment in all culti vars for 157 weeks and in some cul t i vars for 210 weeks (4}.
Pre- and post-frost harvested seeds of three lines of Vernonia
anthel mintica (L.} Willd. were stored for 96 weeks under combinations
of cold (0.6C with 30 to 35 percent relative humidity}, room (25 to 30C
with uncontrolled relative humidity) and barn (ambient temperature and
relative humidity) conditi ons to determine the effects of storage conditions on germination. Pre-frost harvested seeds were very dormant,
with an i nitial germination of 8 to 12 percent. Tetrazolium tests indicated viabi li ties of 86 to 89 percent for t he three lines. The average ini tial germination of post-frost harvested seeds was 12 percent and
the viability was l ess than 50 percent.
Seeds in col d storage lost dormancy sl owly, while seeds i n room
and barn storage reached maxi mum germination by 24 or 48 weeks. After
this period, a gradual decline in germi nabili ty occurred. The best
storage treatment used was 24 weeks at room conditions foll owed by
col d storage (14).
Seeds of several cantaloupe cultivars retained essentially their
fu ll initial germinati on during 12 years of storage under al l conditions tested. However, germination of seeds of other cultivars declined somewhat after 7 years, and very few seeds germi nated after 12
yea rs under the higher temperatures. Of the three storage conditi ons
used (32C/15 percent relative humidity, 21C/30 percent rel ati ve humidity, and 10C/60 percent relative humidity) , 10C/60 percent r elative
humidity was the most satisfactory for storage of cantaloupe seeds over
a 12-year period.
Because only one sample of seed of each cul tivar was included in
thi s study, it is possible that all or some of the apparent differences in keeping quali ty among culti vars are sampl e differences rather
than true cultivar differences (5) .
Rate of viability l oss in Crambe (Crambe abyssinica Nachst ex R.
E. Fries) seed vari ed among seed lots regardless of the storage conditi ons. At 21C/70 percent relative humidity , all seed l ots lost
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viability rapidly; at 21C/50 percent relative humidity, 32C/50 percent
relative humidity, 32C/50 percent relative humidity, and 10C/70 percent relative humidity, the rate of viability loss varied greatly
among the seed lots. Storage at 10C/50 percent rel ative humidity was
found to be most practical for hi gh- vigor seeds. Viability of both
l ow- vigor and high-vigor seeds was retained equally well for 8 years at
both 4C/35 percent relative humidity and -1C/40 percent relative humidi ty (9).
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